There has been an increase in the prevalence of morbid obesity and the demand for total knee arthroplasty (TKA). Physicians must help patients with bilateral knee arthritis to make informed decisions regarding whether to undergo staged, sequential, or simultaneous TKA. The purpose of this study was to evaluate the perioperative complications of 2-team simultaneous bilateral TKA in the morbidly obese. The authors performed a retrospective review of the records at a single tertiary hospital from 1997 to 2007 and identified 35 morbidly obese (body mass index [BMI] greater than 40 kg/m 2 ) patients who had undergone unilateral TKA, as well as 42 morbidly obese and 79 nonobese (BMI less than 30 kg/m 2 ) patients who underwent simultaneous bilateral TKA. Clinical, operative, and postoperative variables and complication rates were recorded. Clinical variables were similar between the morbidly obese TKA patients. The bilateral group had significantly increased operative times (132.4 vs 115.5 minutes; P<.01), intravenous fluids (2556.1 vs 2114.7 mL; P=.03), percentage transfused (64.2% vs 11.4%; P<.01), days in the hospital (3.6 vs 3.2 days; P=.03), and discharge rates to rehabilitation facility (72.7% vs 48.6%; P=.01). Major and minor complications were few and comparable, with the need for manipulation under anesthesia in unilateral TKA (11.4%; P=.04) as the only significant difference between groups, including when comparing bilateral nonobese TKAs with bilateral morbidly obese TKAs. The authors feel that morbidly obese patients may undergo 2-team simultaneous bilateral TKA after careful discussion regarding some of the differences in short-term outcomes.
T otal knee arthroplasty (TKA) is a successful and reproducible procedure to treat patients with osteoarthritis. 1 Approximately 33% of the US population between the ages of 63 and 93 have radiographic signs of knee osteoarthritis, 2 and the prevalence of bilateral knee osteoarthritis has been shown to be as high as 5%. 3 In addition, up to one-third of those undergoing unilateral TKA have symptomatic contralateral knee arthritis. 4 For patients with bilateral knee arthritis, whether to undergo a 1-or 2-stage procedure is an important decision.
Previous literature has inconsistently defined surgical timing options for those undergoing bilateral TKA. Taylor et al 5 clearly defined 3 options for the timing of surgery: simultaneous, sequential, or staged. The first possibility, simultaneous bilateral TKA, is when 2 surgical teams perform the procedure concurrently while the patient is under 1 anesthetic. This differs from sequential TKA, in which a single surgical team operates first on 1 knee and then on the contralateral knee while the patient is under 1 anesthetic. The last option for bilateral TKA is referred to as a staged TKA; this is when the bilateral pathology is treated by the same surgeon on 2 separate occasions, each under a different anesthetic. In this analysis, the authors examined 2-team simultaneous TKA.
The decision to proceed with simultaneous bilateral TKA carries risks and benefits beyond those of staged TKA. There are reports of increased perioperative morbidity, including pulmonary, cardiac, neurologic, gastrointestinal, and wound complications; deep venous thrombosis; pulmonary embolism; and intensive care unit admissions. [6] [7] [8] [9] [10] [11] [12] [13] [14] These studies contribute valuable information but are based on an inconsistent variety of 2-team simultaneous, sequential, and staged TKAs. Several recent studies have shown that bilateral TKA offers several advantages over staged TKA, including decreased total cost, length of hospital stay, physical therapy, and anesthesia time. 4, [15] [16] [17] [18] However, despite multiple recent studies related to this topic, the relative risk is difficult to accurately determine due to variable study designs and inconsistency in the terminology used.
One of the risk factors for osteoarthritis is obesity. 19 Obesity is a global epidemic on the rise, and over one-third of the adult US population is estimated to be obese. 20, 21 Obesity is most commonly defined by body mass index (BMI), which is weight (kg) divided by height squared (m 2 ). In this system, normal is defined as a BMI of 18.5 to 24.9, obese is defined as a BMI greater than 30, and morbidly obese is defined as a BMI greater than 40. Notably, obese individuals have been reported to have an increased risk of bilateral knee osteoarthritis. 3 In fact, morbidly obese patients are 32 times more likely to require TKA than those with a BMI less than 25, 22 and from 1990 to 2005, this population saw a significant increase in TKAs being performed. 23 The effects of obesity on patient outcomes after unilateral TKA have varied substantially, revealing conflicting data. [24] [25] [26] [27] [28] [29] [30] [31] However, studies have consistently shown morbidly obese patients to have a significantly higher prevalence of deep prosthetic infections and wound complications. 27, [32] [33] [34] [35] [36] A study by Amin et al 33 showed a significantly higher overall complication rate with TKA in morbidly obese patients compared with nonobese patients. With obesity becoming a global epidemic and with an increasing demand for TKA, treating surgeons should be aware of patient safety in morbidly obese patients. There are limited reports of simultaneous bilateral TKA in the obese population, 5 but the authors are not aware of any published studies on simultaneous TKA in the morbidly obese population.
The purpose of this retrospective study was to compare perioperative complications of 2-team simultaneous and unilateral TKA in the morbidly obese population. The authors hypothesized that, as compared with nonobese patients, morbidly obese patients would have a higher perioperative morbidity but not mortality in the first year after TKA. They also hypothesized that bilateral TKA in morbidly obese patients would have increased rates of blood transfusion, hospitalization, and complications as compared with unilateral TKA in the same population.
Materials and Methods

Patient Population
After institutional review board approval, the surgical records of a single tertiary hospital were reviewed to retrospectively identify all patients who underwent unilateral or simultaneous bilateral TKA by the senior authors (R.A.S., S.T.G. 
Perioperative Procedures
The simultaneous TKAs were performed by 2 separate surgical teams with the patient under a single anesthetic. Each team consisted of an attending surgeon, a surgical technician, and an orthopedic surgical resident, medical student, or surgical assistant. The 2 senior authors (R.A.S., S.T.G.) were the primary surgeons in each procedure. Patients underwent standard general anesthesia. Tourniquets were used in all cases, with inflation times staggered by 5 minutes and deflation times staggered by at least 5 minutes side by side. An intramedullary guide was used for femoral alignment, and an intramedullary and/or extramedullary guide was used for tibial alignment at the surgeon's discretion. Each patella was evaluated for possible resurfacing, each posterior cruciate ligament was examined, and the appropriate posterior-stabilized or standard cruciate-retaining prosthesis were selected. All components were cemented with standard methylmethacrylate. Blood loss was estimated by both primary surgeons and anesthesia staff using clinical judgment as well as analysis of blood in the suction canisters, surgical towels, and the remainder of the surgical field; a final estimated blood loss was then listed after consensus was obtained between the 3 parties.
Standardized postoperative clinical pathways were used throughout the study period. Continuous passive motion was initiated in the postanesthesia care unit and used throughout the patient's hospital stay. Cefazolin (clindamycin if penicillin allergic) antibiotic coverage was extended for 24 hours postoperatively. Oral and parental narcotics were used for pain control in the majority of patients. Dressings were changed on postoperative day 2 and each day thereafter. On postoperative day 1, physical therapy was initiated, as was an assessment of discharge planning needs. Anticoagulation consisted of warfarin, enoxaparin, or combination enoxaparin and warfarin therapy based on the surgeon's preference. Most patients were discharged to home or to a rehabilitation facility on postoperative day 3 or 4. Indication for manipulation of the arthrofibrotic knees in this patient group was active flexion less than 80° after other treatment options were maximized, including an aggressive physical therapy program with adequate pain control.
Chart Review
Hospital and office records were reviewed retrospectively to acquire the perioperative data under investigation. Surgical parameters were recorded from the anesthesiology record, operative report, and operating room notes. The remainder of the hospital stay was reviewed via the electronic hospital record; physician records were also reviewed for follow-up through the first year to ensure collection of appropriate data. All perioperative complications were recorded and classified as either minor or major complications. Minor complications included superficial infections, delirium, distal deep venous thrombosis diagnosed by Doppler ultrasonography, or the need for knee manipulation. Major complications included deep infections, pulmonary embolism, cerebrovascular accident, myocardial infarction, death, extensor mechanism disruption (defined by patellar dislocations to catastrophic failures such as patellar fractures or quadriceps or patellar tendon ruptures), or a return to the operating room for any reason. Major complications occurred in 4.8% (n=2) of the bilateral TKA group and none of the unilateral TKA group ( Table 2) . The major complications included 1 patient in the bilateral TKA group who had a myocardial infarction and another who sustained a patellar tendon rupture after a fall and underwent direct repair with allograft supplementation. Within 6 months, there were no occurrences of death, pulmonary embolism, congestive heart failure, cerebrovascular accident, acute renal insufficiency, or need for implant revision. Minor complications in both groups were similar. The need for knee manipulation under anesthesia was significant for the unilateral TKA group (n=4 [11.4%] Comparison of complications between nonobese and morbidly obese patients showed 1 pulmonary embolus (P=.45) in a nonobese patient and 1 myocardial infarction (P=.18) in a morbidly obese patient ( Table 4 ). There were no deep infections in either group, but each group had 1 extensor mechanism disruption (P=.67) with the morbidly obese patient experiencing a catastrophic failure as described above. The extensor mechanism disruption in 
discussion
Patients with bilateral knee arthritis need to decide whether to undergo 1 anesthetic for simultaneous bilateral TKA or to undergo a staged procedure. The surgeon needs to be informed as to the risks involved in simultaneous TKA and in operating on morbidly obese patients. The safety of simultaneous bilateral TKA performed under a single anesthetic remains controversial. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Valid comparison between published studies remains difficult because of the various definitions of staged, sequential, and 2-team simultaneous approaches. 5 To further complicate the topic, conflicting results have been published regarding the shortand long-term complications related to obesity in those undergoing unilateral primary TKA. [24] [25] [26] [27] [28] [29] [30] [31] Obesity has been on the increase, and adult reconstruction surgeons frequently face the decision to perform TKA on these patients. The authors are aware of only 1 similar study showing that in the obese population, simultaneous 2-team bilateral TKA is safe and has a low rate of perioperative complications. 5 However, the aforementioned study did not evaluate morbidly obese patients, and the current authors believe that their study is the first analysis comparing simultaneous 2-team bilateral TKA with unilateral TKA in the morbidly obese population.
Unilateral TKA in the morbidly obese has been shown to have decreased clinical outcome scores, a high revision rate, and perioperative complications. 27 Amin et al 33 reported a 30% complication rate in morbidly obese patients undergoing unilateral TKA compared with 0% in nonobese patients, with superficial wound infection being the most common complication. Wound complications in obese patients have been attributed to poor oxygenation of adipose tissue, 27, 33, 34, 36, 37 increased wound tension, and underlying endocrine disorders. 27 In contrast to some of these studies, the current study's results show a low rate of wound complications and infections in both groups studied. The infection rate was not increased in the bilateral TKA group, which may be due to the tourniquet times having no difference (P=.13) and the operative time, although statistically significant, averaging only 17 minutes longer (P<.01). Also, each team performing simultaneous bilateral TKA used its own set of instruments. In comparison, the nonobese group had no deep infections and a nonsignificant 2.5% superficial infection rate. In comparing all groups in this study, the overall complication rates were low and only showed statistical significance for manipulations in the unilateral TKA group (P=.04) (Tables  2 and 4) . The authors cannot speculate the reason for the increased manipulations required in this group. Overall, the small population studied suggests that simultaneous bilateral TKA appears to be safe in morbidly obese patients and nonobese patients.
The need for blood transfusion is a recognized risk to patients undergoing TKA. A wide range has been reported for the need for transfusion after simultaneous and sequential bilateral TKA (range, 17%-91%). [8] [9] [10] [38] [39] [40] [41] This is partially due to the fact that individual physicians and institutions follow different transfusion criteria. There was a drop in rates of blood transfusion in the current study's groups over time as policy was changed; by the end of the study, patients were treated symptomatically rather than automatically receiving a transfusion if hemoglobin levels dropped below particular levels (approximately 8 g/dL). However, as might be expected, multiple published studies have shown an increased blood loss and transfusion rate with bilateral TKAs. [8] [9] [10] [11] [29] [30] [31] [32] The current authors found that 64.2% of patients in the bilateral TKA group required blood transfusion, compared with 11.4% in the unilateral TKA group. Mean estimated blood loss was not statistically significant between the 2 groups. The data comparing nonobese and morbidly obese bilateral TKA show no difference in blood loss or transfusion rate. This would suggest that regardless of BMI, patients should be informed of the increased transfusion risk when proceeding with simultaneous bilateral TKA. Lane et al 39 reported that dilutional anemia is associated with longer operative times from increased amounts of crystalloid replacement given, which may provide a reason for why the bilateral TKA group had higher transfusion rates. The current authors found a significant increase in the use of intravenous fluids in the bilateral TKA group, likely because the anesthesia team expected a higher blood loss, although overall operative time was within 17 minutes between groups.
Overall procedure cost in health care is an ever-growing concern. The overall costs of unilateral TKA have been shown to be similar regardless of BMI. 42 Lane et al 39 reported the average cost of unilateral TKA to be $32,598 and of simultaneous bilateral TKA to be $53,168. 43 To reinforce this, Reuben et al 15 reported that performing sequential bilateral TKA was on average 36% less expensive than a staged TKA. Although the current authors did not calculate cost in this series, their data on performing simultaneous bilateral TKA suggest potential areas of decreased cost and little that would increase cost. A staged procedure would nearly double operating room and hospital stay expenses when compared with the 17-minute increase in operative time and 0.4-day longer hospital stay in the bilateral TKA group. Although 72.7% of bilateral TKA patients went to a rehabilitation facility vs 48.6% of unilateral TKA patients, with no difference in length of stay, one would expect the same percentage from the unilateral TKA group to require a facility again after surgery on the contralateral knee. Total rehabilitation and absence from work should also be considered, but data regarding this were unavailable for reliable review and analysis. When comparing nonobese with morbidly obese patients undergoing bilateral TKA, there was a significant operative time difference (P<.01), with nonobese TKAs being 12 minutes faster, which would generate only a slight increase in cost. However, in considering cost differences between patient groups, the number needing transfusion, days in the hospital, the percentage discharged to a rehabilitation facility, and the number of days in a rehabilitation facility were similar. Based on these data, the costs for nonobese and morbidly obese patients undergoing bilateral TKA should be similar. Also of interest is surgeon reimbursement. Sequential TKA carries a 50% decrease in reimbursement for the second knee to the surgeon, but when performing 2-team simultaneous TKA, both surgeons are reimbursed 100% for each TKA performed.
This study has several inherent weaknesses. Its retrospective nature, as well as its lack of randomization, could have influenced results by introducing bias. The small sample size of the groups could also introduce a type-II statistical error and may explain why there were so few complications in the morbidly obese group. Although all of the patients were defined as morbidly obese by virtue of a BMI greater than 40 kg/m 2 , there is possibly a stratification of complications or risk as patients reach more morbid levels of obesity, such as in the patient with a BMI of 61.4. Also, the transfusion crite- ria shifted during the course of the study, which could have affected the rates. Another potential weakness is the fact that deep venous thrombosis was only investigated if there was clinical concern, and nonclinical cases may have been missed; therefore, the potential of bias from missing these nonsymptomatic thromboses is introduced.
conclusion
Morbidly obese individuals may benefit from the successes of TKA, although they and their surgeons should be aware of the risk. Due to the low incidence of most perioperative complications, more data will need to be collected to make more definitive conclusions. From this retrospective review of a small group of patients, the authors believe that 2-team simultaneous bilateral TKA carries a similar morbidity and mortality in the morbidly obese population when compared with nonobese bilateral TKA and morbidly obese unilateral TKA and that the benefits may outweigh the risks in those with bilateral knee disease in certain clinical and social situations. These results do not equivocally translate when considering single-surgeon sequential TKA. Both orthopedic surgeons performing a 2-team simultaneous TKA receive 100% reimbursement. Further evidence should be collected regarding this treatment method in this population because the incidence of obesity and degenerative joint disease appears to be increasing.
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